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Abstract 
The research activity of CERN is briefly reviewed- from the low-
energy beams used at ISOLDE for nucleon and atomic physics to 
the high-energy e+e- interaction at LEP and the perspectives for 
exploring the TeV mass region with the LHC project. 
1 INTRODUCTION 
CERN's research activities are based on the full exploitation of its chain of ac-
celerators starting with the PS Booster and ending with the e+e- collider (LEP). Each 
accelerator also acts as a source of projectiles for a well-defined physics programme and 
as an injector for the subsequent, larger accelerator. The chain of accelerators is shown 
in Fig. 1 and also includes the next step, the Large Hadron Collider, for which CERN is 
now expecting approval from Council. The present talk will give a brief description of the 
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2 ISOLDE 
The pulsed 1 Ge V beam from the PS Booster is sent onto highly sophisticated 
targets from which isotopes of all kinds are extracted by means of a voltage difference of 
60 k V and subsequently magnetically analysed. This facility is called ISOLDE (Isotope 
Separator On Line) and allows a large variety of subjects to be investigated, from nuclear 
to atomic physics, from astrophysics to nuclear medicine. 
A good example is given by an experiment which has recently discovered new Ag 
isotopes, up to 129 Ag, and measured their half-lives and neutron branching ratios. A laser 
ion source ionizes the isotopes of interest in a selective way, rejecting the enormous isobaric 
backgrormd produced with standard techniques. The discovery of these new isotopes has 
permitted a vast improvement in the overall agreement between data and theoretical 
calculations. 
Accurate measurements of the nuclear masses are possible by stopping the ions 
produced in an ISOLDE target in a trap where they rotate at the cyclotron frequency 
We = eB /m. The measurement of the absorption as a frmction of the frequency has allowed 
the mass of 120Cs to be measured with a resolution of ±21 keV. 
Much work is being carried out in the field of semiconductors. The so-called II-VI 
compormds (elements of the II and VI group of the periodic table, such as CdSe, ZnS) 
are very interesting since their direct bormd gaps cover the full range of wavelengths from 
ultraviolet to infrared. The problem is to dope them in order to produce p-type and n-type 
materials. At ISOLDE the f3+ -emitter 107 Cd that decays into 107 Ag, and the 13--emitter 
115Cd that decays into 115In, have been implanted. After the j3 decay, 107 Ag became an 
acceptor and 115In became a donor with an efficiency 100 times larger than with standard 
techniques. 
3 PROTONSYNCHROTRON 
The PSis used as the source of two separate beams: the first one feeds the exper-
imental area located in the East direction which is normally used for test beams. This 
year the beam was used for a short time by C. Rubbia and his collaborators to perform 
an interesting test. The proton beam was sent onto a small, subcritical fission reactor, 
normally used for didactical purposes by the Madrid University, to check the amplification 
factor in the outcorning neutron flux, in view of the possible design of a new generation 
of nuclear reactors. 
The main use of the beam extracted from the PS is to produce antiprotons in order 
to feed the Low-Energy Antiproton Ring, LEAR. 
4 LEAR 
A sketch of the LEAR ring, its beams, and the location of the experiments is shown 
in Fig. 2. 
The machine is able to produce beams containing from 104 to 107 antiprotons per 
second, with energies ranging between 60 and 2000 MeV, and a momentum resolution as 
good as 10-3• The annihilation of up to 107 p per second is a unique tool for studying 
hadron spectroscopy, and in particular for searching states rich in glue, such as glueballs 














Three experiments, JETSET (now completed), CRYSTAL BARREL, and OBELIX 
pursue this challenging search. All these experiments are characterized by tracking devices 
covering almost the full solid angle, followed by high granularity photon detection. In 
particular, CRYSTAL BARREL (Fig. 3a) has a high performance system of Csi(Tl) 
crystals which allows the efficient reconstruction of 1r0 , 'f/ and 'f/1 in the two-photon decay 
channel, JETSET (Fig. 3b) is focused on the identification of kaons produced in the 
interaction of the p beam with a jet proton target, aiming at the reconstruction of¢¢ 
final states, and OBELIX (Fig. 3c) takes advantage of an open axial magnet which allows 
momentum measurement of many charged particles without adding material on the path 
of photons produced in the central region. 
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This year a very interesting result is being presented at the Glasgow conference by 
the Crystal Barrel Collaboration on a glueball candidate at 1520 MeV seen in the decay 
channel 
pp ~ fo7r0 
L 1J17. 
The last of the large, second generation experiments working at LEAR is trying to 
answer the still intriguing questions posed by the violation of the CP symmetry. CPLEAR, 
shown in Fig. 4, studies the pp annihilation into the K-7r+K0 , K+1r-K channels, tagging 
the nature of the produced neutral kaon by means of the sign of the charged kaon. In 1994, 




The LEAR experiments do not consist only of large, 47r spectrometers. Much smaller 
experiments, taking advantage of the possibilities of this unique facility and of a lot of 
ingenuity, succeeded in reaching results of primary importance, such as PS196. Single 
antiprotons, decelerated in the machine, are brought to rest inside a Penning Trap, where 
they move on closed orbits radiating electromagnetic waves at the cyclotron frequency. 
The detection of this radiation and the measurement of its frequency with the 
precision of 2 Hz allows the ratio of the antiproton and proton masses to be measured 
with a precision of 10-9 , 104 times better than previously. This technology, with further 
improvements, could pave the way to detailed studies of the spectroscopy of antihydrogen 
atoms. 
5 SUPER PROTON SYNCHROTRON (SPS) 
The large energy of this accelerator, 400 Ge V, allows the production of high-intensity 
secondary beams of hadrons and leptons: 
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Hadrons 
WA89 studies the properties of hyperons; WA91 searches glueball states in interactions 
with two-Pomeron exchange; WA92, now completed, measures the characteristics of charm 
and beauty bosons. All these experiments take advantage of the large multiparticle n 
spectrometer located in the West Area. 
Neutrinos 
Two experiments, CHORUS (Fig. 5a) and NOMAD (Fig. 5b), search for neutrino oscilla-
tions. Both take advantage of the fact that the beam, due to the decay of pions, consists 
of lip., and look for interactions in which T leptons are produced, as an indication that 
a lip. - llr transition took place in the flight. The energy range of the beam allows ex-
ploration of a parameter space region, defined by the mass difference, m11.,. - m11,.., and 
the mixing angle U p.n never covered up to now and of extreme interest for astrophysical 
research. The two experiments differ in the techniques used to identify the final states con-
taining aT. CHORUS reconstructs the charged particles in a forward spectrometer and 
extrapolates their trajectory backwards into a bulk of emulsions which acts as the target. 
A kink in the first millimeters of the muon or of the hadron track signals the presence of 
a short-lived particle with a neutrino in its decay. NOMAD uses a complete spectrometer 
with good muon, electron and neutral particle identification capabilities to reconstruct the 
transverse energy flow, looking for events with large p .1. imbalance, showing the presence 
of a particle characterized by weak decay in the final state. 
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The powerful muon beam, which has been working since the start-up of the SPS, is used 
by the Spin Muon Collaboration (SMC) to study the spin-dependent nucleon structure 
functions, and to answer the question of how much the spin of the quarks contributes to 
the spin of the proton. Both the muons in the beam and the target nucleons are polarized. 
The characteristics of the experiment are the large muon spectrometer and the following 
50 m long spectrometer which measures the momentum spectrum of the electrons coming 
from the decay of the muons, in order to determine the beam polarization continuously 
(Fig. 6). 
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An important activity has been running at the SPS for several years using beams of fully-
stripped heavy ions. This year lead ions will be used for the first time. The aim of this 
activity is to search for indications of a phase transition between nuclear matter, with 
quarks and gluons bound in nucleons, and a possible deconfined state, called quark-gluon 
plasma, in which the constituents move freely due to the large values of pressure and 
temperature. The conditions required to reach this state are a large energy density in 
a sufficiently large volume so that thermodynamical quantities (such as temperature or 
density) can be defined. It has been shown that energy densities in excess of 1 GeV /fm3 
can be reached in the interactions of heavy ions of more than 100 GeV /nucleon with 
heavy nuclear targets. Equivalent indicators of the energy density reached in individual 
interactions are: a small energy measured in a very forward hadron calorimeter, a large 
multiplicity of secondaries, and a large transverse energy defined as 
where Ei is the energy of secondary hadrons and (}i is their angle with respect to the beam. 
The high multiplicity of pions emerging from the interaction allows the measurement of 
the short-range correlations between pions of the same sign and similar momenta, and 
shows the Hambury-Brown and Twiss correlations which measure the space dimensions 
of the interaction volume. 
It is not easy to reach unambiguous evidence for the creation of the quark-gluon 
plasma. The most popular indicators are: 
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1. An increase of strange particle flux, due to the fact that strange quark production is 
not suppressed by the Pauli principle, as for u and d quarks. 
2. A suppression of J j'lj; and Y production, resulting from the melting of cc and bb 
states in the Q-g plasma. 
3. Large structures, beyond statistical fluctuations, in the multiplicity, and energy dis-
tributions versus rapidity, inside individual events. 
A set of six highly sophisticated experiments are ready to explore all these indicators as 
soon as the beam is available in autumn this year. 
Figures 7a, b, c, and d show the structure of four of these experiments: NA49, which 
consists of a full coverage multiparticle spectrometer, able to reconstruct all secondaries 
(more than 600 per event) in four large TPC's; WA97, which identifies /\, 3 and n-
baryons in a small window downstream to the n spectrometer; NA50, which exploits 
a large muon pair spectrometer to study Jj'lj; and Y suppression; and NA45, a very 
unconventional experiment consisting of two RICH counters, blind to pions but sensitive 




















to e+e- pairs 
6 LEP 
Since 1989 the largest world e+e- collider, LEP, has been studying the properties 
of the carrier of the weak neutral current, the Z boson, and has collected about 10 million 
events in the four large experiments, ALEPH, DELPHI, L3, and OPAL. The machine 
runs routinely with currents of about 1 rnA per beam, subdivided into eight bunches 
of electrons and eight bunches of positrons, with lifetimes of more than 12 hours and 
luminosities ranging between 1.7 and 0.5 x 1031 cm-2 s-1 at the beginning and at the end 
of a fill. 
Last year one of the biggest achievements in the understanding of the properties 
of the machine was the precise measurement of the beam energy at the level of 1 MeV, 
which is reflected in the precision of the determination of the mass and the width of the 
Z resonance. This was possible with the resonant depolarization method which makes 
use of the natural transverse polarization of the electrons and positrons induced by the 
emission of synchrotron light. A high-resolution electromagnetic calorimeter, positioned 
300 m downstream on a line tangent to the beam orbit, detects the photons of a laser 
source backscattered by the beam particles. Since the laser light is circularly polarized, 
the vertical distribution of the backscattered photons has a small asymmetry depending 
on the sign of the laser beam polarization. This allows the level of polarization of the 
electron and positron beams to be measured continuously. In the magnetic field of the 
machine the spin of electrons and positrons precesses with a frequency fprec 
ge- 2 
fprec = -2- Ebeam --2 fREVOLUTION · mee 
A precise measurement of fprec allows a precise measurement of Ebeam since the other 
constants are very well known. The precession frequency can be determined by means of 
a horizontal kicker magnet which sweeps the range of frequencies around fprec· When the 
kicker magnet frequency equals fprec, the beam polarization is destroyed or even inverted 
in a few turns as shown in Fig. 8. 
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A series of measurements carried out in recent months has shown that the energy 
of the beam is sensitive to many small effects such as the terrestrial tide and the level of 
the water in the lake of Geneva. Careful accounting of these effects allows us to know the 
beam energy at the level of 1 MeV or even better. 
At the same time, the development of very precise silicon detector-tungsten elec-
tromagnetic calorimeters, detecting electron-positron Bhabha scattering at small angles 
with respect to the beams, has allowed a precision of better than 1 %o in the measurement 
of the machine luminosity. 
The aim of the four large experiments is the detection of Z decays into pairs of 
leptons or quarks. They have many variations with respect to design details, but they all 
follow the general scheme sketched in Fig. 9, having a precision silicon detector around 
the production vertex, a large gas tracking detector immerged in an axial magnetic field 





The Z peak measured by one of the experiments is shown in Fig. 10. The different 
lines show the expected shape if the neutrino families were 2, 3, and 4. From a best fit to 
the data of the four experiments together we get 
91.1895 ± 0.0044 GeV 
2.4969 ± 0.0038 Ge V 
41.51 ± 0.12 nb 
2.985 ± 0.023 . 
A detailed study of the properties of the Z boson and of its decay channels allow a 
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All measurable quantities can, indeed, be expressed in terms of the vector and axial 
couplings, gv and~' as: 
1) the leptonic decay width 
r t+l- ex: [ (gt )2 + (gi)2] , 
2) the forward-backward lepton charge asymmetry at the Z peak 
3) the r polarization, as measured by the energy distribution of the decay products, 
T/ T 
P """'-2 gy gA T- 2' 
1 + (~) 
4) the left-right asymmetry with polarized beams, as is possible at the SLC (the SLAC 
e+e- linear collider) 
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The results obtained at LEP with the measurement of the first three quantities are 
shown separately for the three lepton families in Fig. 11 and, assuming lepton universality, 
give 
gt = -0.0364 ± 0.0014 
gi_ = -0.50135 ± 0.00055 ' 
where gt is now known with a 3% precision, compared with the situation before LEP when 



















These results can be interpreted further in the framework of the electroweak theory 
at one loop, taking into account radiative corrections to the Z propagator 
or vertex corrections. 
With these corrections, the mixing parameter of the theory, sin2 (}~, defined as 
. 2 eff 1 ( gv) sm Bw = 4 1 - ~ , 
can be written 
• 2 neff M~ 
sm uw = 1- (l + Llp)M~ 
where 
4J1 + D.p 
~(M~)(1- 4sin2 B~), 
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where gv and 9A are now running coupling constants and 
2 M2 
A _ a II1i a l Higgs up - - - - - n -~"-
7r M~ 1r M~ 
so that all measured quantities depend on the unknown masses of the top quark, mt, and 
of the Higgs boson, ffiHiggs· 
For each measured quantity it is thus possible to design a plot, as in Fig. 12 for 
rlepton, allowing a determination of fit· Using all the LEP results we obtain 
m = (172+11+18 ) GeV t -11-19 ' 
whereas, if we also include the results of th pp colliders (CDF, UA2) and the neutrino 
experiments (CCFR, CHARM, CDHS) and the recent result of the SLC on ALa, we get 
mt = (177:g:~g) GeV , 
where the first error is statistical and the second takes into account the effect of the 
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83.83:1:0.31 
83.75 ± 0.41 
83.50 ± 0.46 









The striking agreement of this result with the recent indication of mt at the CDF 
provides, on the one hand, a splendid confirmation of the validity of the electroweak 
theory. On the other hand, the small error induced on mt by the lack of knowledge of the 
mHiggs shows how difficult it is to constrain this mass. 
In the future we can expect CD F to reduce the error on mt to around 5 Ge V, 
and LEP2 to measure theW mass with an error of the order of 40 MeV. With these two 
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improved determinations a low mass Higgs can be confined inside a range of 2007300 Ge V 
by means of the Z results obtained by LEPl. However, the most attractive scenario is 
that the Higgs boson has a mass of the order of 90 Ge V, as suggested in the framework of 
the Minimal Supersymmetric Model, a value attainable by LEP2 through the e+e----+ ZH 
channel. In this case, the dominant decay channel H ---+ b b would be detectable by the 
LEP experiments thanks to their capability of reconstructing the secondary vertices of 
the b-decays in the silicon vertex detectors, as shown by the splendid harvest of results 
obtained in the study of the properties of b-quarks. 
7 The Large Hadron Collider (LHC) 
CERN's next step in the exploration of the basic structure of matter is the LHC, 
a proton-proton collider to be installed in the LEP tunnel and fed by the usual chain 
of accelerators, the PS Booster, the PS, and the SPS. The energy will reach 7 TeV per 
beam provided that the magnets reach about 8.5 T, a field which can be produced only 
by syperconducting magnets, in particular working at the temperature of the superfluid 
helium of rv 2 K. 
Since the cross-section for the processes of interest decrease as 1/s, where s is the 
square of the centre-of-mass energy, the machine can be useful only if its luminosity com-
pensates for the loss of production. The LHC is therefore designed to reach a luminosity 
of 1034 cm-2 s- 1 , a luminosity which can be obtained only by injecting many bunches into 
the rings, so that bunch crossings are separated typically by 25 ns. The difficulty of the 
experimentation at the LHC is due to the fact that the cross-section for proton-proton 
interactions is of rv 100mb, producing about 20 events every bunch crossing. 
This tremendous rate of interaction imposes conditions on the design of the experi-
ment. It must be based on detectors having very high granularity, so that the probability 
of two tracks crossing the same wire of the tracking system, or of two energy releases being 
collected by the same element of the electromagnetic calorimeter, is of the order of a few 
per cent. In addition, detectors must be fast in order to avoid having an important pile-up 
of signals from subsequent bunch-crossings, and highly radiation-resistant to survive the 
heavy flux of particles for many years. 
No description will be given here of the detailed structure of the ATLAS and CMS 
experiments, as when this report is published, the two technical proposals will have been 
submitted. 
What is important here is to emphasize the large range of masses that this machine 
will allow us to explore. 
For the Higgs boson, the discovery potential ranges from about 90 Ge V, the limit 
where it should overlap with LEP2, up to 1 TeV, where the width of the boson becomes 
of the same order of mass and the boson itself loses any meaning. 
For supersymmetric particles the range will extend up to some Te V, covering all 
the region where these particles, if they exist, should show up. 
A new vector boson, such as a Z', can be discovered up to 4 TeV. 
These examples show that the LHC will be the ideal machine to answer all the basic 
questions at present open through the wonderful success of the Standard Model and by 
its obvious lack of predictive power for understanding the concept of mass. 
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